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Predictive capability of computational fluid dynamics simulations for the prediction of
plunging breaking wave is assessed. Laminar flow simulations are performed for dam break,
solitary wave run up on a slope and flow over a submerged bump using OpenFOAM, a finite
volume solver with volume-of-fluid (VoF) interface capturing method, and Proteus, a finite
element solver with coupled level-set/ volume-of-fluid (CLSVoF) methods. CLSVoF predicts
wave elevation before the plunge, and primary and secondary plunger shapes better than VoF in
all the cases. The primary limitation in the simulation is the airflow, which results in diffused
plunger tips in VoF simulations, and results in surface peel-off in CLSVoF simulations. Future
work should include 3D turbulent flow simulations.
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CHAPTER I
INTRODUCTION
Multiphase flows are of great interest in the field of fluid dynamics and whose free
surface interface is very difficult to accurately predict for very turbulent flows. One type of
turbulent multiphase flow that is commonly seen in the field of fluid dynamics is a plunging
breaking wave. Research has been performed using many different cases that involve plunging
breaking waves. The three of interest are dam break without obstacle, solitary wave run up on a
slope and flow over a submerged bump. In these three cases, a plunging breaking wave is
formed, however, in each case the wave is formed differently. Many different methods have been
developed to accurately predict the free surface of multiphase flows and used to try to predict
plunging breaking waves. Smooth particle hydrodynamics (SPH) boundary element method
(BEM), immersed boundary (IB), level-set (LS) and volume of fluids (VOF) are a few methods
used but the method of interest here is the coupling of LS and VOF. Research has been done
using these different methods to predict plunging breaking waves including the three cases of
interest. Of the research performed, most showed good agreement with experimental, numerical
or benchmark results.
Proteus is a computational solver with the capabilities to solve Poisson equation, heat
equation, naiver-stokes equation and much more, developed by the U.S. Army Corps. Of
Engineers Engineering Research and Development Center. Current interest is using Proteus’
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coupled level set volume of fluid method (CLSVOF) to predict the free surface interface for two
phase flows described in Quezada de Luna et al (2020).
OpenFOAM is an open source computational solver that is available for free. In its
default state OpenFOAM offers the ability to solve fluid flow (incompressible and
compressible), chemical reactions, and fluid-structure interactions. The finite volume
fluid flow solver for OpenFOAM provides the capability to solver laminar and turbulent flows as
well as multiphase flows. To compare with Proteus CLSVOF, the same simulations were
performed using OpenFOAM’s volume of fluid method
1.1

Objective and Approach
The objective is to validate a finite element coupled level-set volume of fluid method for

plunging breaking waves. The validation is performed using three different cases involving
plunging breaking waves. The plunging breaking wave in each case was produced due to
different flow mechanics. In the first case used, the plunging breaking wave was produced due to
reflection of a collapsed water column that travels across the domain and collides with a vertical
wall. Multiple grids were used ranging from 28k to 88k for proteus and 44k to 87k for
OpenFOAM. Validation for this case includes wave profiles taken at different times and
compared to benchmark CFD results as well as the wave height evolution at two points in the
domain compared with benchmark CFD results. The plunging breaking wave, in the second case,
is produced due to a solitary wave traveling up a slope. The grids used for proteus range from
133k to 1287k and for OpenFOAM range from 146k to 747k. Wave profiles taken at different
times and wave height evolution across the domain are validated against experimental and
potential flow results. The third case utilizes a hydraulic jump created by the flow of water over a
submerged bump to create a backward plunging breaking wave. The grids for proteus range from
2

96k to 972k and 1000k for OpenFOAM. The wave profiles of proteus and OpenFOAM are
compared against experimental and benchmark CFD results for validation. A chart of these
simulations is shown below in Table 1.1.
Table 1.1
Test case

Simulation Chart
Solver

Grid

Proteus

5 Grids:
28K, 48K,
64.5K,
76.1K, 88K

OpenFOAM

3 Grids:
44K, 64K,
87K

Dam Break
without
Obstacle

Proteus
Solitary Wave
Run-up on
Slope

Flow Over a
Submerged
Bump

OpenFOAM
(Chambers
2017)

4 Grids:
133019;
368955;
890913;
1286937;
4 Grids:
146450
396774
747082

Proteus

96259
196128
384589
972397

OpenFOAM

1000000

Flow
parameters

Validation/Comparison data

Objectives

Wave profiles @ t = 0.1, 0.3, 0.5,
•
1.2,1.3 and 1.4 (Experiment - Zhou
et al.,1999; CFD - Colagrossi and
Landrini, 2003; Greco et al., 2003;
Colicchio et al., 2003)
•
Water height at x/H= aa,bb
(Experiment - Zhou et al.,1999; CFD
- Colagrossi and Landrini, 2003;
Greco et al., 2003; Colicchio et al., •
2003)
Wave profile at different times
•
Wave height as wave moves across
H0 /D =
domain Experimental - Li et al.
0.45
(2000)
Potential Flow - Grili et al. (1997)
•

Compare and validate predictive
capability of Proteus and
OpenFOAM for forward
plunging breaking wave
Effect of wave height on surging
and plunging wave pattern
• Effect of grid resolution on
predictions

H0 /D =
0.06 – 0.6

Bump
height

Compare and validate predictive
capability of Proteus and
OpenFOAM for wall reflected
plunging breaking wave
Effect of grid resolution on
primary and secondary plunger
shape
Effect of boundary condition on
water rise

Wave profile at different times
Experimental - Reins (2008)
LS and CLSVOF - Wang et al.
(2009)

Reinflow

• Compare and validate predictive
capability of Proteus and
OpenFOAM for reflected
plunging breaking wave due to
hydraulic jump
• Effect of grid resolution on
predictions

Table of simulations performed, grid used, important flow parameters, validation and
comparison data, and objectives for each case.
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CHAPTER II
LITERATURE REVIEW
Yu and Sheu (2017) combines level set and immersed boundary methods to more
accurately predict the air water interface for dam break flows. Their simulations were
performed using 2D and 3D domains with varying mesh sizes, some of these simulations
had an obstacle in the flow. A turbulence model was not used for these simulations. Yu
and Sheu concluded that their dam break flows had been successfully simulated in
comparison with experimental and numerical results.
Issakhov and Imanberdiyeva (2019) performed 3D dam break flow simulations
using volume of fluid method. They focused on the behavior of the water surface for
different dam break flow situations. Using finite volume method to discretize their
equations, they also performed the simulations with LES turbulent model. They
compared their results with experimental and numerical results, stating that using VOF it
is possible to obtain efficient and accurate representation of the free surface for 3D
problems.
Gu et al (2018) performs 3D dam break simulations with and without obstacles
observing mass loss and the preservation of the air water interface. First the new level set
method was validated using 2D simulations and rotating disk. The domains observed
were discretized into coarse, medium and fine grids. A turbulence model was not used for
these simulations. Their results showed good agreement with experimental data.
4

Yang et al (2018) use FLOW-3D to simulate dry and wet bed dam break flows in
order to study the influence of resulting downstream water depth. Three turbulence
models were chosen to use in these simulations and compare them. The dry bed is
observed in two stages, initial and relatively stable stages, while the wet bed is observed
in three stages initial, fluctuating evolution and relatively stable stages. Yang et al
determined that the results from FLOW-3D agreed very well with experimental data. The
k-omega turbulence model was used because it showed better agreement than the RNG kepsilon and standard k-epsilon models. Yang et al studied the front surface profile,
velocity distribution, mark point movement and trajectory, bottom resistance, turbulent
kinetic energy and interference between upstream and downstream for all stages.
Li and Yu (2019) use a coupled level set and volume of fluid method to analyze a
dam break flow over a wet bed and compare those results with level set method and
experimental data. They investigate the formation and propagation of waves resulting
from the impact of the downstream wall for four different wet bed depths. The mass loss
resulting from their CLSVOF method is far more favorable compared to LS method. The
results from their CLSVOF analysis show good agreement with experimental data
Xu (2016) analyzes 3D dam break flows with and without obstacles to test an
improved smooth particle hydrodynamics approach. They first compared results for a dry
bed dam break flow without obstacle. The results from their water height evolution
analysis are compared with experimental and numerical results

5

Issakhov and Nogaeva (2018) use Ansys Fluent volume of fluid method and turbulence
model to analyze dam break flows with and without obstacle. First, they verify the mathematical
model using a 2D dry bed dam break flow without obstacle. Next, is validation using 3D dry bed
dam break flow with obstacle. The results were compared with experimental and numerical
results, which showed good agreement with their results.
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CHAPTER III
DAM BREAK
Dams are a big part of our everyday lives whether we realize it or not. The water
suppressed by dams provide many benefits, such as, power generation, irrigation, consumption
and prevent flooding. However, with all the advantages that dams have they also hold a
destructive power. If a dam were to break the effect to the surrounding area would be
catastrophic and could take years to recover from. It is for this reason; dam break flows are an
area of interest.

Figure 3.1

Dam Break Domain

Domain of the dam break case with initial condition for the water column.
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The dam break case used is a 2D laminar. The domain, as seen in Figure 3.1, has a 0.6 m
x 1.2 m column of water in a 1.8 m x 3.22 m box for the initial condition. The dimensions of the
domain are a function of the water column height. The left and right walls, as well as the bottom
have free slip boundary conditions, while the top is open with atmospheric conditions.

Figure 3.2

Proteus Dam Break Meshes

Dam Break grids used for validation, 45k cell coarse (upper left), 64k cell medium (upper right),
and 88k cell (bottom).

Multiple grids were used ranging from 28k cells to 88k cells, however the 45k, 64k, and
88k cell grids are used for validation as coarse, medium and fine grid respectively. These grids,
as seen above in figure 3.2, were generated as unstructured grids with triangular cells using
Proteus’ default grid generation.
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Coarse (45K)

Medium (65K)

Fine (88K)

T=0.1

T=0.5

T=1.1

T=1.3

T=1.4

T=1.7

T=2.0

Figure 3.3

Proteus Dam Break Simulation Images

Development of fluid flow for Proteus CLSVOF coarse (left), medium (middle) and fine (right) grid results at times 0.1, 0.5, 1.1, 1.3, 1.4, 1.7 and
2.0. The black contour line represents the air-water interface prediction, while the background colors show the u-velocity ranging from -2 (blue)
to 2 (red).
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The pictures above, in Figure 3.3, show how the dam break flow behaves as time
progresses for each grid. The first row of pictures show nondimensionalized time 0.1, where
gravity, acting in a downward direction, causes the column of water to collapse. As the water
column collapses the water moves, unobstructed, to the right, shown in the second row at time
0.5. Next, the water soon collides with the wall carrying its momentum upwards, as seen in the
third row of stills for time 1.1. At time 1.3, the plunger can be clearly seen as a result of the
water reflected backwards from the impact with the wall. Soon after, at time 1.5, the plunger
makes contact the water, breaking. As a result of the plunger breaking onto the water, a second
plunger begins to form, at time 1.7. At time 2.0 the second plunger has developed more, after
which, breaks and the flow becomes increasingly chaotic.
The differences in the predictions relative to the grids aren’t clear until time 1.3, where
the plunger begins to curl as the grid becomes more refined. This curling inwards causes the
plunger to break at different times, starting with the coarse grid first follows by the medium grid
and finally the fine grid. The second plunger for the coarse and medium grids is noticeably
different from the fine grid, in terms of plunger length and height, while the thickness appears to
similar.
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Coarse (44K)

Medium (64K)

Fine (87K)

T=0.1

T=0.5

T=1.1

T=1.3

T=1.4

T=1.7

T=2.0

Figure 3.4

OpenFOAM Dam Break Simulation Images

Development of fluid flow for OpenFOAM coarse (left), medium (middle) and fine (right) grid results at times 0.1, 0.5, 1.1, 1.3, 1.4, 1.7 and 2.0.
The black contour line represents the air-water interface, while the background shows the u-velocity ranging from -2 (blue) to 2 (red).
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The OpenFOAM predictions, shown in figure 3.4, behave similarly to the predictions
from Proteus. There is also not too much of a noticeable difference relative to the grids. At times
0.1, 0.5 and 1.1 there is relatively no difference in Proteus and OpenFOAM predictions. The
plunger formed at 1.3 is thicker and more blunt compare to the Proteus plunger which causes it
to break significantly later, seen in 1.4 where it hasn’t reached the water bed. After its collision
in 1.7, there is no second plunger formed, expect in the fine grid, where the is some indication of
one. The second plunger is seen more clearly at 2.0, as well as Kelvin-Helmholtz instability.
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Coarse (45K)

Medium (65K)

Fine (88K)

T=0.1

T=0.5

T=1.1

T=1.3

T=1.4

T=1.7

T=2.0

Figure 3.5

Proteus Dam Break Simulation Pressure Images

Development of fluid flow for Proteus CLSVOF coarse (left), medium (middle) and fine (right) grid
results at times 0.1, 0.5, 1.1, 1.3, 1.4, 1.7 and 2.0. The black contour line represents the air-water interface
prediction, while the background colors show the pressure ranging from 0 (blue) to 6000 (red).
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The pressure plots shown above in figure 3.5, shows the prediction from Proteus
behaving as expected. They show the pressure changing in the water as the column collapses. As
well as the high pressure in the bottom right corner of the domain as the water collides with the
right-side wall. Most importantly, at time 1.7, there is a high pressure where the plunger breaks
and the second plunger is formed.
OpenFOAM (87k)

Proteus (88k)

T=0.5

T=1.1

T=1.3

T=1.4

T=1.7

Figure 3.6

Dam Break Comparison Images

Visual comparison of OpenFOAM (left), Proteus (middle), and SPH (right) at times 0.5, 1.1, 1.3, 1.4, 1.7.
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SPH

Along with OpenFOAM, Proteus is compared to the smooth particle hydrodynamics
(SPH) method used in Colagrossi et al. Visually examining the best results from Proteus and
OpenFOAM, the results from Proteus are much more agreeable with SPH results as seen in
figure 3.6.

Figure 3.7

Wave Profiles at Time 5.95

Proteus (black) and OpenFOAM (blue) coarse (left), medium (middle), and fine (right), SPH
(green) and BEM (red/white) wave profile at time 5.95.

Figure 3.8

Wave Profiles at Time 6.20

Proteus (green) fine (top left), medium (top middle) and coarse (top right), OpenFOAM (blue) fine (bottom left),
medium (bottom middle) and coarse (bottom right), LS (red) and SPH (black/white) wave profiles at T=6.20.
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Figure 3.9

Wave Profiles at Time 6.76

Proteus (green) fine (top left), medium (top middle) and coarse (top right), OpenFOAM (blue)
fine (bottom left), medium (bottom middle) and coarse (bottom right), LS (red) and SPH
(black/white) wave profiles at T=6.76.

Figure 3.10

Wave Profiles at Time 7.14

Proteus (green) fine (top left), medium (top middle) and coarse (top right), OpenFOAM (blue)
fine (bottom left), medium (bottom middle) and coarse (bottom right), LS (red) and SPH
(black/white) wave profiles at T=7.14.
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In Figures 3.7-3.10, again, the coarse grid Proteus predication provides the best results
when compared to the benchmark results. The structures that have developed in the benchmark
results can be clearly seen in the all the Proteus results. While OpenFOAM does predict the first
plunger, it’s not as well defined as Proteus and benchmark results and the second plunger is only
clearly predicted in the medium grid.

Figure 3.11

Total Water Height Evolution

Total water height over time of experimental (black/white), SPH case 1(black), SPH case 2
(black dashed), OpenFOAM coarse (red), OpenFOAM fine (red dashed), Proteus coarse (green)
and Proteus fine (green dashed) at x/L=1.653 (left) and x/L=0.825 (right) specified point in the
domain over the course of the simulation.

When comparing the total water height, shown in Figure 3.11, Proteus shows better
agreement with the experimental results. All simulations show good agreement up until the
plunger arrives at that point. Coarse grid Proteus predicts the first plunger arrival better than
OpenFOAM and fine grid Proteus. For the second plunger, all cases predict the spike in water
height at the same time, however, proteus coarse grid continues to closely predict the water
height further along.
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CHAPTER IV
SOLITARY WAVE RUN UP ON A SLOPE
The waves that crash on beaches all over the world seem trivial to most people who
experience them. Theses waves are more complex than they seem, and their crashing is very
chaotic. Being able to effectively simulate these waves, is very important when studying the
erosion of coastlines, weather forecasting, tides, coastal structures and marine biology.

Figure 4.1

Solitary Wave Domain

Domain of Solitary wave run up on a slope case with initial condition of a solitary wave centered
at 9m and water height of 1m.

The solitary wave run up on a slope is 2D and laminar. The domain, seen in Figure 4.1, is
45 m x 5 m box, with a 1:15 slop starting at 15 m and ending at 45m. The simulation was
performed with an inlet at x min, diffusive outlet at x max, y max with atmospheric boundary
condition and y min and slope with no slip boundary condition. The solitary wave was
implemented as an initial condition with the wave crest starting at 9 m. The equations for the
solitary wave and their derivation can be found in Chambers (2017).
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Figure 4.2

Proteus Solitary Wave Meshes

Solitary wave grids: 369k cell coarse grid (upper left), 890k cell medium grid (upper right) and
1286k cell fine grid (bottom).

Multiple grids where used ranging from 133k to 1286k cells. Three were chosen to be
used for this validation. The grids with 369k, 890k and 1286k cells, shown above in figure 4.2,
represent the coarse, medium and fine grids respectively. These 2D triangular unstructured grids
were generated using Proteus’ default grid generation.
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Coarse (45K)

Medium (65K)

Fine (88K)

T=4.8

T=5.0

T=5.2

T=5.4

Figure 4.3

Proteus Solitary Wave Simulation Images

Grids used to solitary wave run up on slope case: Coarse (left), Medium (middle), Fine (right)
Development of fluid flow for Proteus CLSVOF coarse (left), medium (middle) and fine (right)
grid results at times 4.8, 5.0, 5.2 and 5.4. The black contour line represents the air-water interface
prediction, while the background colors show the u-velocity ranging from -2 (blue) to 3 (red).

The images above in figure 4.3 show the behavior of the solitary wave as it travels up a
slope. From the first time still of 4.8 seconds, the wave is traveling across the domain and begins
to deform. Next, at 5.0 the wave is even more deformed as it travels further up the slope. The
plunger begins is formed at 5.2 after the top of the wave travels faster than the leading edge.
Finally, the plunger crashes into the water ahead of it breaking and becoming increasingly
chaotic. The differences in the grids doesn’t being to noticeably appear until the plunger is
20

formed. The coarse grid plunger has an hourglass shape and is not smooth. The plunger predicted
by the medium grid is a bit thicker and roe uniform but still not smooth. The fine grid predicts a
think plunger that is very blunt and smooth. Before the plunger begins to break, it becomes
thinner and elongated. The shape and structure of the plungers predicted by Proteus are not what
is expected.
Coarse (45K)

Medium (65K)

Fine (88K)

T=4.8

T=5.0

T=5.2

T=5.4

Figure 4.4

Proteus Solitary Wave Pressure Images

Development of fluid flow for Proteus CLSVOF coarse (left), medium (middle) and fine (right)
grid results at times 4.8, 5.0, 5.2 and 5.4. The black contour line represents the air-water interface
prediction, while the background colors show the pressure ranging from 0 (blue) to 6000 (red).

21

The pressure plots shown above in figure 4.4, shows how the pressure behaves for the
solitary wave run up case. These plots behave as expected with high pressure where the plunger
crashes with the water.

Figure 4.5

Wave Profiles at Times 5.0 and 5.2

Wave profiles of potential (blue), experimental (black), and proteus coarse (orange), medium
(green) and fine (red) results for times 5.0 (top) and 5.2 (bottom) seconds.

The wave profiles shown above in figure 4.5 compares the results of potential,
experimental and proteus coarse, medium and fine. At 5.0 Proteus shows very good agreement
with the potential and experimental results, except for the fine grid results. Compared to the
potential and experimental results at 5.2, Proteus does not predict a sharp plunger but a thick
blunt plunger and a lower wave height. At this point Proteus predicts does not show good
22

agreement. This is an incredibly turbulent case and the simulation used to acquire these results
lacked a turbulence model. The lack of a turbulence model could be the cause of the results not
showing good agreement.

Figure 4.6

Maximum Wave Height

Experimental (white dot with black border), potential flow (solid black dot), OpenFOAM (solid
black line), Corrected OpenFOAM (dashed black line) and Proteus coarse (solid green line),
medium (dashed green line) and fine (green dotted line) results of the maximum wave height as
the solitary wave travels across the domain.

Looking at figure 4.6 above, Proteus initially underpredicts the wave height early on,
compared experimental, potential flow and both OpenFOAM results. Before the breaking region,
the Proteus agrees very well with the experimental results. After breaking, the Proteus results
deviate from the experimental results.
23

CHAPTER V
FLOW OVER A SUBMERGED BUMP
Hydraulic jumps are a widely studied area in fluid dynamics. Examples can be seen most
in spillways, rivers and tides. It is important to be able to predict hydraulic jumps and their so
they can be deigned and used efficiently. For example, dams use spillways to create a hydraulic
jump to dissipate the energy of the flow coming out of the spillway. For this case, a bump is
being used to create a hydraulic jump to dissipate the energy of the flow upstream.

Figure 5.1

Flow Over a Bump Domain

Domain for flow over a submerged bump case with initial condition of 0.87 m/s.

The case for flow over a bump was preformed similarly to the previous two cases 2D and
laminar. The domain, shown in figure 5.1, is normalized by the bump height H, which is .1143
m, going from -52 to 44 and 0 to 5. The boundary conditions are inflow of 0.87 m/s, convective
outflow, top is atmosphere and bottom is free slip. Initial condition is water having a velocity of
0.87m/s in the x direction and a water height of 1.5H. The equation for the bump can be seen
below, where L=2.5H.
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2𝑥 2 𝑥 4
𝑧(𝑥) = 𝐻 (1 − 2 + 4 )
𝐿
𝐿

Figure 5.2

(5.1)

Proteus Flow Over a Submerged Bump Meshes

Bump grids: 96k cell coarse grid (upper left), 385k cell medium grid (upper right) and 972k cell
fine grid (bottom).

Multiple grids where used ranging from 96k to 972k cells. Three were chosen to be used
for this validation. The grids with 96k, 385k and 972k cells, shown above in figure 5.2, represent
the coarse, medium and fine grids respectively. These 2D triangular unstructured grids were
generated using Proteus’ default grid generation.
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Coarse (96K)

Medium (385K)

Fine (972K)

T=0

T=0.22

T=0.67

T=1.12

Figure 5.3

Proteus Flow Over a Submerged Bump Simulation Images

Development of fluid flow for Proteus CLSVOF coarse (left), medium (middle) and fine (right)
grid results at times 0.0, 0.22, 0.67 and 1.12. The black contour line represents the air-water
interface prediction, while the background colors shows u-velocity ranging from -2 (blue) to 2
(red).

In figure 5.3, the water flows over the bump speeding up causing the water to become
shallow in that area. The difference in water height and velocity of the flow immediately
downstream of the bump causes a hydraulic jump this can be seen at time 0.0. At time 0.22 a
plunger is formed heading towards the shallow water. The plunger impacts the shallow water
area producing a second plunger at time 0.67. The second plunger continues at time 1.12,
afterward the flow becomes increasingly chaotic. The plunger predicted by Proteus is a bit long
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and narrow, but the overall structure expected is there. As the plunger impacts with the shallow
water, a second plunger forms. Afterwards, the flow becomes chaotic.
Coarse (96K)

Medium (385K)

Fine (972K)

T=0

T=0.22

T=0.67

T=1.12

Figure 5.4

Proteus Flow Over a Submerged Bump Pressure Images

Development of fluid flow for Proteus CLSVOF coarse (left), medium (middle) and fine (right)
grid results at times 0.0, 0.22, 0.67 and 1.12. The black contour line represents the air-water
interface prediction, while the background colors show the pressure ranging from 0 (blue) to
6000 (red).

Figure 5.4 shows the pressure plot of Proteus as the follow develops. The plots behave as
expected showing high pressure areas where the plunger make contact with the shallow water.
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Experimental

EFD

OpenFOAM

Proteus (972k)

T=0

T=0.
22

T=0.
67

T=1.
12

Figure 5.5

Flow Over a Submerged Bump Comparison Images

Plots of experimental, EFD with u-velocity contour, OpenFOAM with VOF black contour line
and u-velocity -2 (blue) to 2 (red) and Proteus fine grid with CLSVOF black contour line and uvelocity -2 (blue) to 2 (red).

Comparing the Proteus results in figure 5.5 with the experimental, EFD, and OpenFOAM
results, Proteus appears to agree well.
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Figure 5.6

Wave Profiles of Flow Over a Submerged Bump

Wave profiles of Proteus fine grid (blue), OpenFOAM (green), LS (black/white), and CLSVOF
(black) at time 0.0, 0.22, 0.67 and 1.12.

From figure 5.6, comparing visually to the experimental and CFD results, Proteus agrees
very well. The main area of concern is water height is a bit higher as the water goes over the
bump and both plungers are not predicted as well. Initially OpenFOAM is more agreeable in
overall water height. As the plunger forms OpenFOAM is still more agreeable but Proteus gets
closer. After the second plunger is formed Proteus becomes more agreeable. The reason
OpenFOAM agrees more than Proteus initially is because OpenFOAM predicts the shallow
water height better. This results in a better prediction of the hydraulic jump.
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CHAPTER VI
CONCLUSION
From the results of the dam break case, Proteus CLSVOF method is shown to have strong
agreement with experimental, OpenFOAM and benchmark CFD results. The CLSVOF method
accurately predicts the evolution of the water height at two points than benchmark when
compared to the experimental data. However, the CLSVOF method does develop an interesting
characteristic during the plunging phase of the wave, where the tip of the plunger begins to curl
inward as the mesh is refined. It is not clear what the cause of this is, as it is not seen in any of
the other cases. Investigating this further with a 3D domain and grid as well as a turbulence
model is recommended.
The solitary wave results from Proteus shows good agreement until the wave breaks and
the plunger is formed. At this point Proteus deviates from the experimental and benchmark CFD
results. The plunger predicted by proteus is thick and blunt, then becomes elongates and rough
before it crashes into the water. The characteristics of the plunger could be the result of a lack of
a turbulence model and the 2D domain.
The predictions of Proteus for the flow over a bump case shows good agreement overall.
As the wave begins to break Proteus under predicts the shallow water height, wave height and
location of the wave break. As the flow developed Proteus’ prediction shows much better
agreement until the second plunger forms and the flow becomes too chaotic. The results from
this case would benefit greatly from the addition of a turbulence model.
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Overall Proteus performed well in its predictions of dam break, solitary wave run up a
slop and flow over a bump. These cases are all very complex and the breaking waves contain
incredibly turbulent regions which are immensely challenging to predict. There are some areas of
these cases where Proteus under predicts but these areas could be improved by expanding the
cases into 3D and adding a turbulence model.
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